Autophagy is characterized by massive degradation of cellular contents, intracellular membrane/vesicle reorganization and lysosomal activity. Autophagic cell death is another physiological phenomenon of programmed cell death, but its relevance to cancer remains a frustrating topic to discuss because it has been proposed to one of the survival mechanisms for cancer cells, but it could also play a role in the elimination of cancer cells via a caspaseindependent death.
1 Apparently, autophagic cell death has been shown to trigger a nonapoptotic cell death program in cancer cells displaying functional defects of caspases, but interestingly, mechanism of autophagy to apoptosis switch triggered in cancer cells has been reported recently.
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By blocking the ability of cells to pump calcium into the sarcoplasmic and endoplasmic reticula (ER), thapsigargin ( Fig. 1(a) ) can induce ER stress via raising cytosolic calcium concentration. ER stress then leads to the induction of ER stress proteins including CCAAT enhancer-binding protein homologous protein (CHOP) and the formation of autophagic vehicles with the expression of Beclin-1 and microtubule-associated protein 1 light chain 3 (LC3)-II. 3 The activation of autophagosome formation with the conversion of LC3 to LC3-II consequently triggers autophagic and/or apoptotic cell death. As mentioned above, induction of autophagy has been shown to proceed apoptosis, but it is difficult to distinguish when the autophagic and apoptotic signaling are triggered in the process of cancer cell death. Therefore, in this study, we evaluated the thapsigargininduced sequential expression of autophagy and apoptosisrelated molecules in human breast cancer MCF-7 cells. Before evaluating that, the effect of thapsigargin on the viability of MCF-7 cells was assessed. As shown in Fig.  1(b) , thapsigargin dose-dependently and time-dependently inhibited the cell viability, but interestingly, the thapsigargin- 
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induced cell death was shown to be delayed by low concentrations of thapsigargin (upto 3 µM). Similar with that, low concentrations of tamoxifen (1 µM and below) induced a gradual appearance of cell death starting to occur approximately 2-3 days after treatement.
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Next, we further evaluated the thapsigargin-mediated induction of autophagy by measuring the mRNA expression level of LC3 and the protein expression level of LC3-II since LC3-II is the only protein marker that is reliably associated with completed autophagosomes.
6 Real-time PCR and highcontent analysis revealed that thapsigargin time-dependently induced LC3 mRNA expression ( Fig. 1(c) ) and it dramatically induced LC3-II protein level at 10 µM ( Fig. 1(d) ).
The additional treatment of rapamycin that is a wellknown prototypical autophagy inducer enhanced the thapsigargin-induced cell death (data not shown). Conversely, 3-methyladenosine, the autophagy inhibitor inhibited that in MCF-7 cells that was consistent with the results observed in a previous study (data not shown).
5a These results suggested that the thapsigargin-induced autophagy could precede apoptosis in MCF-7 cells. It is necessary to understand the consequences of the loss or gain of autophagy in the context of the tumor microenvironment, but it is also required to clarify the sequence to distinguish the autophagic and apoptotic signaling in the death of cancer cells. Therefore, we further evaluated the involvement of molecules related to autophagic and apoptotic cell death in the death of MCF-7 cells that was delayed by low concentrations of thapsigargin. We thought this delay could be a model to explain the interplay between autophagic and apoptotic cell death. As shown in Figure 2 , we found that the induction of UV radiation resistanceassociation gene (UVRAG) and CHOP (a biomarker of ER stress), and the reduction of anti-apoptotic molecules, survivin and Bcl-2 were triggered by thapsigargin in MCF-7 cells.
The binding of UVRAG to Beclin-1 has been shown to promote autophagosome maturation and endocytic trafficking.
7 Thapsigargin-induced UVRAG in MCF-7 cells could indicate the induction of thapsigargin-induced autophagic cell death.
CHOP transcription factor has been well-known to be transcribed mainly during ER stress and its induction leads to apoptosis.
8 Thapsigargin-induced CHOP in MCF-7 cells could indicate the induction of thapsigargin-induced ER stress.
Survivin is a member of inhibitor of apoptosis protein (IAP) family. It inhibits cell death through blockade with both caspase-dependent and independent apoptosis.
9 Interestingly, autophagic death in cancer cells via the downregulation of survivin has been reported and suppression of survivin induced autophagy-dependent apoptosis.
4b,10
Bcl-2 family members has been shown to be involved in the ER stress-induced apoptotic process and autophagy and especially, the targeted silencing of Bcl-2 induced autophagic cell death in MCF-7 cells.
11 Additionally, considering that the binding of Bcl-2 to Beclin-1 reduces Beclin-1's capacity to induce autophagy, the gradual reduction of Bcl-2 by thapsigargin in MCF-7 could also indicate the trigger of autophagy together with the induction of LC3-II in this study.
After the induction of CHOP and UVRAG, and the reduction of survivin and Bcl-2, thapsigargin subsequently stimulated the induction of the autophagosome maker, LC3-II. And then, the reduction of anti-apoptotic X-linked inhibitor of apoptosis (XIAP) and cleavage of poly(ADP- Figure 2 . Effect of thapsigargin on the protein expression levels of autophagy and apoptosis-related molecules. Western blot analysis was performed as described in 'Experimental section'. Actin was used as the internal control.
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As one of IAP family members, XIAP can bind to and block the function of caspases, but the functional relevance of XIAP to autophagic cell death has not been studied well. However, the depletion of XIAP or addition of XIAP-antagonising peptides has been shown to switch autophagy towards efficient apoptosis execution. 12 Although the overexpression of XIAP did not fully block the cell death under the condition of chemical-induced autophagy, this study suggested that anti-apoptotic XIAP seems to be involved in the process of autophagic cell death.
The formation of the 85-kDa PARP cleavage product has been known to be the sensitive marker for apoptotic caspase activity. 13 The cleavage of PARP induced by thapsigargin was observed 24 h after its treatment.
Interestingly, in this study, the endogenous levels of Beclin-1 and ATG5 that are autophagy promoting proteins, were decreased by thapsigargin. Indeed, the gradual downregulation of autophagy-related molecules has been suggested to facilitate apoptosis. Especially, the cleavage or down-regulation of Beclin-1 and ATG5 has been suggested to facilitate switch to apoptosis by unmasking a caspasedependent apoptosis.
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In conclusion, the sequential expression regulation of autophagy and apoptosis-related molecules is the crosstalk between autophagic and apoptotic signaling in the process of cell death in human breast cancer MCF-7 cells.
Experimental Section
Cell Culture and Viability Assay. Human breast cancer MCF-7 cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM, Hyclone, UT) supplemented with 10% fetal bovine serum (FBS, Gibco, CA) and 1 × antibiotic-antimycotic (Gibco) in humidified atmosphere of 5% CO 2 at 37 o C. For viability assay, MCF-7 cells were seeded in a 96-well plate at 4 × 10 3 cells/well. After 24 h, cells were treated with thapsigargin (Sigma, MO). Then, cell viability was measured in triplicates by the Cell Counting Kit-8 (Dojindo Molecular Technologies, ML) according to the manufacturer's protocol. Absorbance was measured by using Wallac EnVision microplate reader (PerkinElmer, Finland).
Evaluation of mRNA Expression. Primers were designed with an on-line primer design program. 15 A cDNA that encoded glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the control; LC3B sense, 5'-CGG-AGA-AGA-CCT-TCA-AGC-AG-3'; LC3B antisense, 5'-CTG-GGA-GGC-ATA-GAC-CAT-GT-3'; GAPDH sense, 5'-GAG-TCA-ACG-GAT-TTG-GTC-GT-3'; GAPDH antisense, 5'-GAT-CTC-GCT-CCT-GGA-AGA-TG-3'. MCF-7 cells (3 × 10 5 cells/60-mm) were treated with thapsigargin and then total RNA was isolated with TRIzol reagent (Life Technologies, MD) according to the manufacturer's protocol. The concentration and purity of total RNA were calculated by measuring absorbance at 260 and 280 nm. Western Blot Analysis. MCF-7 cells (2 × 10 5 cells/well) in a 6-well plate were treated with thapsigargin, homogenized in buffer containing 10 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.5% (v/v) Tween 20, 1 mM PMSF, and one protease inhibitor cocktail tablet (Roche, Germany) at 4 o C, and then centrifuged at 10,000 × g for 15 min. The protein concentration was determined by the BCA protein assay kit (Pierce, IL USA). Samples were mixed with sample buffer (100 mM Tris-HCl, 2% sodium dodecyl sulfate, 1% 2-mercaptoethanol, 2% glycerol, 0.01% bromophenol blue, pH 7.6), incubated at 95 o C for 5 min, and loaded onto 10% polyacrylamide gels. Electrophoresis was performed using the Mini Protean 3 Cell (Bio-Rad, CA). Proteins separated on the gels were transferred onto PVDF membrane (Millipore), and membranes were stained with Ponceau S to confirm efficiency of transfer and equal protein loading. The stained membranes were washed, incubated with the blocking buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% Tween 20, 3% nonfat dry milk) and then incubated with diluted primary antibodies (1:1000) for 2 h at room temperature. Following the primary antibody reactions, the membranes were washed with blocking buffer three times (15 min each) and then probed with diluted secondary antibodies (1:2000) for 1 h. The membranes were washed three times (15 min each) and developed with SuperSignal West Femto Maximum Sensitivity Substrate (Pierce Biotechnology) using the LAS-3000 luminescent image analyzer (Fuji Photo Film Co., Ltd).
